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Abstract

Fine ceramic oxide fibers are widely used as reinforcements in composites for high
temperature applications. The primary goal of this research effort was to investigate the
growth of single crystal or textured or eutectic oxide fibers by heat treatment of
polycrystalline or amorphous precursor fibers.

Mullite and alumina-YAG eutectic fibers were prepared as precursor fibers for the heat
treatment. Mullite, alumina-YAG eutectic composition powders were synthesized by
PVA-based, steric entrapment method. Oxide fiber was extruded with a Marksman fiber
extruder. In addition, natural silk monofilaments from silkworm cocoons and commercial
cotton fibers were infiltrated with mullite and alumina-YAG eutectic composition sols in
order to obtain small diameter fibers. Different kinds of sols were prepared and the fibers
were infiltrated and dried. The precursor fibers prepared were crystallized with our in-
house quadrupole lamp furnace to obtain single crystal or textured or eutectic crystalline
oxide fibers.

Alumina-YAG eutectic composition (50.67mo1% of alumina and 49.33mo1% of YAG)
powder was prepared by the organic steric entrapment method. The heat treatments of the
extruded fibers were carried out at up to 98% of furnace power with the quadrupole lamp
furnace. As the power of the furnace increased, densification and grain growth of alumina
and YAG phases occurred. When the fiber was heat treated above the melting
temperature, the microstructure changed to a eutectic microstructure. It is expected to
have high strength at high temperatures due to the interlocked microstructure.

Mullite whiskers were synthesized from sintered titania-doped mullite powder. The
collected mullite whiskers were embedded in the mullite fiber for templated grain growth.
The whiskers were aligned in the fiber length direction by extrusion. Elongated grain
growth occurred with the embedded whisker samples heated in the quadrupole lamp
furnace. The textured mullite microstructure and single crystalline mullite fiber could be
achieved after further heat treatment. The microstructure of the single crystalline mullite
fiber was examined with an optical microscope in transmitted polarized light, and with a
transmission electron microscope. It was confirmed that the grown direction along the
fiber length was the [00o1] direction of orthorhombic mullite.



Research Objective

The objective of this study is to develop ceramic oxide fibers for reinforcement of the
composites for high temperature use. The intrinsic brittleness of the ceramics can be
modified by employing ceramic fibers. Mullite and yttrium aluminum garnet (YAG) were
studied due to their superb high temperature properties such as creep. Polycrystalline
fibers were crystallized into single or textured microstructures. Also the eutectic
microstructure was prepared by directional solidification. By crystallization of
polycrystalline or amorphous precursor fibers into single crystal or textured oxide
ceramic fibers, the strength of fibers can be increased.
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Figure 1: (a) SEM micrograph of alumina-YAG eutectic composition fiber heat treated in
MoSi2 furnace at 16000C for 2hours, (b) higher magnification image of (a).
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(a) (b)
Figure 2: (a) SEM micrograph of alumina-YAG eutectic microstructure heat treated in
quadrupole lamp furnace at 98% of power(-2010°C), at a transverse rate of 0.01 mm/s
(b) higher magnification image of(a)
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(a) (b) (c)
Figure 3: SEM micrographs of extruded 5 wt% mullite whisker-added, mullite fiber: (a)
heat treated at 76% of power(-1780'C), at a transverse rate of 0.01 mm/s, (b) heat treated
at 87% of power(M- 830'C), at a transverse rate of 0.00 1 mm/s, and (c) heat treated at
80% of power(-1810°C), at a transverse rate of 0.001 mm/s.

(a) (b)
Figure 4: (a) SEM micrographs of extruded 5 wt% whisker added mullite fiber heat
treated 10 times at 85% of power(-1 820'C), at a transverse rate of 0.001 mrr/s, (b) high
resolution of (a).

(a) (b)

Figure 5: Optical microscope image of whisker added mullite fiber heat treated 10 times
at 85% of power(-I 820'C), at a transverse rate of 0.00 1 mrr/s, (a) total extinction, (b)
optical microscope image in transmitted polarized light.
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Figure 6: (a) TEM diffraction image of whisker-added, mullite fiber heat-treated 10 times
at 85% of power(-1 820'C), at a transverse rate of 0.001 mm/s(1 pm/s), (b) defocused
direct beam in a diffraction pattern.

(a) (b)
Figure 7: (a) TEM micrographs of ion-milled mullite fiber heat treated 10 times at 85%
of power(-1820'C), at a transverse rate of 0.001 mmi/s , (b) high resolution of TEM
image of mullite single crystalline fiber.
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